Section S1. Experimental Section S1.1. Materials Carbon felts (CF, 0.25 inch thick) were obtained from Alfa Aesar. Polyaniline, sucrose, Ludox ® HS-40 (40 wt.%), sodium hydroxide (NaOH, 97%), nitric acid (HNO3, 70%), sodium acetate/acetic acid buffer solution (3 M, pH 5.2), benzaldehyde (99.5 %), benzyl alcohol (99.8%), palladium (II) nitrate hydrate, hydrochloric acid (HCl), cyclohexanone, 1-butanethiol, dichloromethane, 1 wt.% Pd/C, deuterium oxide (D2O, 99.9%) and graphite rod (99%), phosphoric acid, disodium phosphate (NaH2PO4), sodium carbonate (Na2CO3), sodium bicarbonate (NaHCO3) were purchased from Sigma-Aldrich and used as received.
S1.2. Characterization
X-ray photoelectron spectrometer (XPS) were operated by the physical electronics instruments (PHI) Quantum 2000 XPS equipped with Al K. The binding energies of all the XPS spectra were calibrated to C 1s binding energy to be 284.8 eV and deconvolutions of each peaks were done with CasaXPS software. A Technai F20 instrument was used for transmission electron microscopy (TEM). TEM particle sizes are measured by counting particles (> 150 particles) and calculated by equation 1.
A Shimadzu GC-2010 plus was used for the chromatographic measurements. Cyclohexanone was used as the external standard. Plasma treatment was operated by Harrick Plasma PDC-001. Electrochemical experiments were performed by using a BioLogic SP-150 potentiostat. Specific surface areas and pore size distributions of the catalysts were derived, according to Brunauer-Emmett-Teller (BET) and Barrett-Joyner-Halenda (BJH) models, from N2 physisorption isotherms measured at 77 K on Micromeritics ASAP 2020. The samples were outgassed before measurements at 523 K for 2 h. S1.3. Preparation of modified carbon felts Scheme S1. Schematic description of modified carbon felts (surface area vs. functionality).
Preparation of O 2 Plasma treated carbon felt:
The parent carbon felts (2 x 3 x 0.6 cm) were placed into the radio frequency plasma chamber and evacuated until it reached 6.7 Pa or lower. O2 gas was then introduced into the chamber with 20 ml·min -1 of flow rate until it reached 133 Pa and evacuated again to 6.7 Pa or lower. Flowing O2 gas (5-10 ml·min -1 ) was used to keep the pressure of 73 Pa for 15 min and turned on the RF power as high (30 W) to generate plasma for 10 min.
Preparation of HNO 3 treated carbon felt:
The pristine carbon felts were soaked into 16 M of nitric acid solution and boiled it for 3-36 h. The resulting nitric acid treated carbon felts were washed with copious DI water and dried in a vacuum oven.
Carbonization of polyaniline (PANI) or sucrose in carbon felts with and without SiO 2 :
The solutions of carbon source (PANI or sucrose) were prepared by stirring 0.625 g of PANI (or sucrose) with 5 mL of Millipore water and 5 mL of Ludox® HS-40 at room temperature overnight. A desired amount of 50 wt.% carbon source solution were drop casted on O2 Plasma treated CF and evaporated the solution in 80 °C oven for overnight.
The polymer (PANI or sucrose) deposited CFs were then pyrolyzed at 800 °C in a temperature controlled tube furnace under flowing N2 (100 ml·min -1 ). The temperature was increased with the ramp of 1 °C·min -1 up to 300 °C and maintained for 3 h. Then, the temperature was increased to 800 °C with the ramp of 10 °C·min -1 , kept for 2 h and cooled to room temperature. Etching of the silica was performed by soaking carbonized CFs in 1 M of NaOH in an autoclave at 100 °C for 24 h. Finally the obtained CFs were filtered and washed with DI water. The final products were denoted as PANI CF and Sucrose CF. For the modification of felts with PANI and Sucrose without SiO2, the solutions of the carbon source (0.625 g of carbon source in 10 mL of water) were used undergoing the same steps as described above but without Ludox®.
Synthesis of Pd/modified carbon felts: 0.5 wt% Pd/CF catalyst were prepared by wet impregnation method. The required amount of palladium nitrate was first dissolved in 2 mL of Millipore water. The solution was then drop-casted on the functionalized CFs and dried at 80 °C overnight. Pd (II)/functionalized CFs were then heated at 180 °C for 3 h under N2 to decompose palladium nitrate followed by reduction at 250 °C under 5 % of H2/N2 for 3 h to obtain Pd(0). The temperature ramp rate of 2 o C·min -1 was used in the stepwise procedure. The gas flow rate was 100 mL·min -1 during thermal treatment.
Preparation of carbon felt electrode:
Pd/modified carbon felts (2 x 3 x 0.6 cm) were connected to graphite rod by using epoxy glue. S1.4. Boehm titration [S1] 0.25 g of carbon felt were first grinded and then dispersed in 25 mL of 0.025 M of NaOH. The NaOH solution was standardized with equimolar solutions of potassium hydrogen phthalate. The mixture of grinded carbon and NaOH were shaken at 140 rpm for 24 h and filtered. The aliquot (10 mL) of filtered NaOH solution were then titrated with 0.025 M of HCl solution (the HCl solution was standardized with standard NaOH solution). Total acidities (nCSF) were determined by equation 2.
nCSF=[B]VB-[HCl]VHC l (Equation 2)
Where [B]and VB were concentration and volume of the reaction base mixed with carbon; [HCl] and VHCl were concentration and volume of acid titrated; Va the volume of the aliquot taken from the VB.
S1.5. Electrocatalyic hydrogenation (ECH) and open circuit voltage (OCV)
The two-compartment batch electrolysis cell described in Ref. [S2] was used to perform electrocatalytic hydrogenation (ECH) experiments. In general, cathodic and anodic compartments were separated by a Nafion 117 proton exchange membrane (Ion Power, Inc.). Pd/CFs were used as working electrodes in the cathode compartment. The size of Pd-modified CFs used as cathodes was 2 cm x 1.5 cm and 0.5 cm thickness. A platinum mesh (Alfa Aesar, 99.9 %) was used as counter electrode in the anodic compartment. An Ag/AgCl electrode (saturated KCl) (Ametek) with a double junction protection was used as reference electrode. Polarization of the catalyst was performed at -40 mA for 30 min to ensure the complete reduction of metal. 20 mM of benzaldehyde in sodium acetate-acetic acid buffer (60 mL) was added into the cathode compartment wherein the anode compartment contained acetate buffer (pH 5.2) as the electrolyte. ECH experiments were performed at constant potential while a flow of N2 was kept through the reactant solution. All reactions were performed at atmospheric pressure and constant potential (-0.1 V vs RHE). All procedures were performed with an electrochemical workstation Bio Logic SP-150. By using potentiostatic electrochemical impedance spectroscopy (PEIS) the solution resistance was determined and then compensated 85% during the experiment. The remaining 15% of the resistance was corrected manually afterwards. Electrochemical experiments at varying pH (pH 2.5 and pH 10.5) were performed in solutions containing phosphoric acid (0.062 M of phosphoric acid with 0.14 M of disodium phosphate) and ii) sodium carbonate-sodium bicarbonate (0.08 M and 0.02 M). The ionic strengths were calculated and adjusted at 0.34 by adding NaCl. In ECH experiments, all experiments were operated as described in above.
Catalytic hydrogenation under open circuit voltage (OCV) was performed with grinded Pd/modified CFs and operated under 20 mM of benzaldehyde with 1 bar of H2 gas instead of applied potential.
Product analysis and turnover frequency (TOF)
The reactions were followed by periodically withdrawing aliquots of 1 mL from the cathode compartment of the electrochemical cell (ECH reaction) or from the batch reactor (OCV reaction). The organic phase was separated from the aqueous phase by extraction with 3 mL of dichloromethane with cyclohexanone as an external standard. The GC was equipped with a plot Q capillary column (30 m x 250 μm) and a flame ionization detector.
Initial rates and turnover frequencies were calculated using equations 3 and 4.
Where moles of Pd were obtained from ICP and metal dispersion was calculated by TEM.
Faradaic efficiency (FE) was calculated by equation 5.
x 100 (Equation 5) S1.6. Chemical titration Chemical titration for Pd/modified CFs were carried out under OCV reaction (20 mM of benzaldehyde in 120 mL of acetate buffer). Four different molar ratio of 1-butanetiol to Pd (0, 0.03, 0.05, and 1) were added to the solution and OCV rates were measured in each concentrations. Prior to each additions of 1-butanethiols, 15 min of stirring were operated without H2 gas and product analysis were operated by GC as described above. Table S3 . Chemical properties of Pd/Modified CFs.
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TOF [c] Figure S17 . TOF of electrocatalytic hydrogenation of benzaldehyde observed on two different catalysts (Pd/HNO3CF-12 h and Pd/HNO3CF-6 h with acid site concentrations of 0.2 µmol·g -1 , and 0.09 µmol·g -1 , respectively) at varying pH values (phosphate buffer pH 2.5, acetate buffer pH 5.2, and bicarbonate buffer pH 10.5 were used) and -0.1 V vs RHE.
Section S2. H 2 adsorption experiment (H 2 /D 2 exchange)
The isotopic H2/D2 exchange experiments were carried out by reacting gaseous H2 with liquid D2O on Pd/C at 298 K in a 120 mL Hastelloy PARR autoclave. In a typical reaction, 30 mL D2O, 2 bar H2 and 2.5 mg Pd/C were loaded in the reactor. For the reaction in presence of benzaldehyde, 90 µL benzaldehyde was also loaded into the autoclave. Before the reaction, air was removed from the reactor by purging with 20 bar H2 for three times. During the reaction, the gas phase products (HD and D2) were sampled and analyzed by mass spectrometer (MS, Omni Star GSD 320). For the reaction in presence of benzaldehyde, products (benzyl alcohol) in aqueous phase were quantified using a gas chromatograph (GC) equipped with a wax capillary column (30 m × 250 μm) and a flame ionization detector (FID). The reaction of gas H2 with liquid D2O generally involves the following elementary steps: dissociative adsorption of H2 (Eq.6), surface D formation (Eq. 7) and desorption of D2, HD and H2 (Eqs. 8-10) as shown in Table S4 . According to the rate equations 8-10, H 2 can be expressed as a function of r HD and r D 2 ,
Considering a steady state reaction, in which the adsorption rate of H2 equals to the desorption rate of H2, HD and D2 (without benzaldehyde),
The desorption rate of HD and D2 can be obtained through analyzing gas products of H2 reacting with D2O, and the desorption rate of H2 can be calculated based on Eq. 11.
In presence of benzaldehyde, the adsorption rate of H2 should involve the H consumed by benzaldehyde hydrogenation, thus the equation should be expressed by follows, 
We assumed that the changes in mass and moments of inertia between Pd-H and Pd-D are negligible and calculated the M and I factor from the appropriate mass and moment of inertia ratios of H2, HD and D2 alone. The zero point energy (ZPE, ZPE = 0.5hν) for Pd-H, H2 and D2 can be checked from references [S5,6] . The ZPEPdD can be calculated based on the vibrational frequency, which was estimated from that of Pd−H bond, based on The values of corresponding M, I and ZPE factors involved in the calculation of kinetic isotope effects are listed in Table S5 and the calculated [ ] 2 and [ ] 2 at 298 K is 0.67 and 0.38, respectively. 
Section S3. Density-functional-theory (DFT)-based ab initio molecular dynamics (AIMD) simulations
We performed density-functional-theory (DFT)-based ab initio molecular dynamics (AIMD) simulations within the generalized gradient approximation with the exchange correlation functional of Perdew, Burke, and Ernzerhof (PBE) S7 as implemented in the CP2K package. S8 For dispersion corrections to describe energies more precisely, Grimme's third-generation corrections were used. S9 For core electrons the norm-conserving pseudopotentials were used, S10 while the valence wave functions were expanded in terms of double-ζ-quality Gaussian basis sets optimized for condensed systems to minimize linear dependences and superposition errors. S11 Electrostatic terms were calculated using an additional auxiliary plane-wave basis set with a 400 Ry cutoff. S12 The Γ-point approximation was employed for the Brillouin zone integration.
To investigate benzaldehyde hydrogenation on Pd nanoparticle (NP) supported on functionalized graphene, we generated model systems consisting of functionalized graphene with hydroxyl or carboxyl group, benzaldehyde, Pd50 NP, in the presence of water as shown in Figure  S1 . Starting from a structure with functional group in the proximity of the Pd NP, we obtained the lowest energy structure for each system having different functional groups, we performed NVT canonical ensemble simulations at 100 ℃ followed by annealing process. We also optimized structures where the proton of the functional group is solvated into the water to investigate possible acid-base catalysis in the system. 
